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(5^ Abstract: An appaiatus (1) for measudng die fTy*"**^^"Pff'** W f*^ in blood wnipiflii compriMg m its euiiiely apluraility 
of iioasiDg seaa (9) each set to leoeive a test tube ( 10) ocHuaoiing a blood sam|de, a mpasnrins ckment (19) set to measm die 

«»A'fiwnitaitiii«l#iirfiiwtUi>^^ 

data pertainiDg to the exam petf corned. The jneasurmgeteinem (19) comprises a CCD Imearopti^ 

igsttito (10) to lakfc a stalk leading of die sediinPTitationlew^ Iho test tubes (10) ace 

anangpdaccondmgtDadiTaimfecenti^ 

conceatric to fte chnnnfaBBiiaL distribntion liae by means of a steppiqg motor (21). 
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Description 
Appanrtus for Testing Blood Samples 

Twtmqrififiia 

The present invention relates to an af^xuatus for measurii^ 
erytiirosedmieinatiQa rate in blood sanqdes comprising the characteristics expressed 
in the preamble to claim 1. 

In particular, ttie present invention is suitable for use in tbe field of medical 
diagnosis, for instance in hospitals and laboratories destined to conduct diagnostic 
exams. 

More iq)ecifically, ihe invention is aimed at the measurement of the 
eiytfm>sedimentatum rate, commonly abbreviated in the sector vnth the acronym 
(VESX m blood samples. 

Background An 

Nom:iaUy, tiie meaairement of tite erythiosedimentation rate in a blood sample 
oxitained in an appropriate test tube is perfoni^ 

column overiying tbe red cells vdiidi, due to the difference in their doisity, have 
been deposited on the bottom of tiie test tube ado* a pre^ waiting period. 

This measurement is normally perfinrmed vritii the aid of an automatic 
qipaiatus which in its ratire^ comprises a load-beari^ 

of housii^ seats are obbuned, each destined to receive a test tube to be examined. 

The apparatus further comprises a plurali^ of measuring elements, each 
associated to one of the housii^ seats^ and movable simultaneously along the 
respective test tubes beii% examined to measure the sediiMntation level present in 
eachofthesL 

Pjifth m^ftiTriTig eift^Ttftfit <ywiprisfift an emitter diode and a respective receiver 
situated at qiposite sides v^ reflect to the tes^ 
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is able tobe stnickby athm Tay of infiared li^ sent by the emitter tbrou^ the test 
tube itself. 

An eiectromc processii^; unit manages the activation and movement of the 
measuring dement to extrapokoe, during ifae scanning operation, die data pertaining 
to the erydnosedimentation vMdi took place inihe various samples being examined. 

More inpaiticular, the execution of the analysis requixes locating the test tubes, 
containing the samples to be examined, in req^ctive housing seats i^vided in 
ihe BppaxBtas, Throi^ micro-switch sensors or equivalent means associated to the 
iiidividuai housii^ seats, tiie dectronic unit detects the in^ 
after a predetermined iK^ting period required fi 

plasma, commands Ifae activation of the measuring elements. During die movement 
eflfecled hy each measuring element, the point-shaped beam of infrared light emitted 
by the respective diode scans the entire test tube. The passage of the infiared ligiht 
beam through the test tube is allowed \yy the plasma^ ^ereas it is prevented by die 
red cdls. Consequently, the receiver is able to measure the level reached by the red 
cells settled in the test tube, due to the chax^ in state biou^t about by the 
iite cqs ti on of die light ray by the sediment during the scanning operation, thereby 
signalling to the processing unit die level of sedimentation present inside the test 
tube being examined. 

The measured value of the sedimentation levd is then compared with already 
known reference parameters. 

The known apparatuses described above are not free of some drawbacks. 

In this rqgard it should be noted dmt, in order to assure a reliable measurement 
of the sedimentation levd, the known ^iparatus is provided with diodes diat emit 
req)ective very diin point-shaqiedinfiaied light beams. In this circumstance, a &ctor 
required f<Hr die reliabilxty of die exam conducted not U) be con^ 
the co-planarity between each infiared light beam and the longitudinal axis of the 
respective test tube. Naturally, a perfect co-planarity between a point-shaped 
beam and the axis of the test tube is quite difficult to achieve and maintain. 



wo 01/23864 



PCT/IT99/0030S 



3 

lt^0uldfijitfaerben0tedti)atiiiisc(>-|^^ during 
Aemotioaoflfaenieasiinngde^^ 

apparatus therefore must comprise hig^y precise and xeliable medianical driving 
means. 

It i^uld also be considoed tfiat stnictural imperfections of the test tubes 
conlBining tfie blood samples can r^ect or rcfiact the light beams in an anomalous 
manner, altering tiie values of the analyses conducted. To avoid this problem, insofar 
as possible, it is necessary to employ special test tubes made of particular materials 
and presenting a hig^ degree of sbwtural precision. These problems are all the more 
accentuated in that, in order to reduce the possibility of errors in identi^ong the 
transition levd betwem the sediment and overlying pl^^ 
are used, Le. with a hi^ length/diameter ratio, more prone to risks of lateral 
inflection. 

Lastly, it should be noted that this ai^)aratus does not allow to start scanning 
each blood sample under examination at different times. This limitation is brought 
about by the simultaneous motion of tiie measuring elements and by the longtime 
intervalslheyneed to scan the respective test tubes. In o&er words, in ordo* to avoid 
risks of overlaps in the scannii^ times, it is necessary to wait for an «a^ 
order to proceed with the following exam. Consequently, in order to optimise the 
scanning procedure and have the best piDSsible performance on the part of the 
ai:^)aratus, it is necessary to occi^ all housii^ seats before conducting an exam. 

PKglQsure of laVCTtiQB 

The main aim of the pres^ invention is to overcome the drawbacks observed 
in the prior art, proposii^ an apparatus for measuring the erythrosedimentation rate 
in blood samfdes which ensures a reliable measurement of the sedimentation level 
in each blood sample analysed. 

This and other aims which diall become more readily apparent in the course 
of the present desoiption are substantially attained by an apparatus for measuring the 
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eiyttnosedimentatioa late mbloc^ 
IB the characterising part of claim 1. 

Furtiaer features arid advantages shall become more readily apparent in the 
detailed description of a preferred, but not exclu»ve, embodiment of an apparatus 
s for measuring the ^ytfarosedimentation rate in blood samples accordii^ to ^e 
present invention. The description shall be provided below with reference to the 
accompanying drawings, pDOvided purely way of non-limiting indication. 

Description of tfacDrawines 
10 -Figure 1 shows an apparatus for measuring tiie erythrosedimentation rate in blood 
samples, sectioned according to trace M of Figure 2 with the semor support arm 
mounted rotated by 90 with respect to that figure; 

-Figure 2 is apartially interrupted planiaewof the apparatus shown in Figure 1. 

15 Descriptjon of the niustrative Embodiment 

With reference to tiie aforementioned figures, the number 1 indicates m its 
entirety an appatdtas for measurii^ the eiythrosedimentation rate in blood samples. 

As shown in section in Figure 1, the apparatus 1 comprises a load-bearing 
structure 2, preferably made with cylindrical shsqpe, defining a housing compartment 
20 3. 

McTO in particular, the faousirig compartment 3 is delimited 
4 of circular shape, and by a lateial wall 5 peri|^ierally engaged to the bottom wall 
4. The bottom wall 4 is externally fitted with a^jropriate support elements 4a 
destined to sappaA the load-bearing structure 2 and the latoral wall 5 is rigidly 
2S engaged to die bottom wall 4 by means of first threaded elements 6 . 

On die side (qsposite to tte bottom wall 4, a test-tube-holder element 7, 
substantially discoidal, is rigidly ei^agied by means of second threaded dements 8 
to die lateral wall 5 . Mcne in detail, the test-tube-hcdder constitutes a closure el ement 
of the housing compartment 3. 
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On the test-tube^older dement 7 is further provided a plurality of housing 
seats 9 each of vdiich is destined to lecehre a respective test-tube 10 

blood sample. 

AsFigDrB2 shows, the hoosing seats 9 are situated in aperipheral area of the 
test-tub&4iolder elonent 7 acc(xdir% to a cixcum&rential distribution hne. 

Advantageously, each housing seat 9 presents an axis of develoiiment 
substantially inclined witili respect to an axb of qmmetry of Ae load-bearing 
stnicture 2 in such a way as to maintain the reflective test tu4« 10 oriented according 
to a predefined inclination angle ce,pPefeR>bly equal to 15% measurable between the 
longitudinal axis of the test-tube 10 and a vertical direction. 

In detail, eadi bousing seat 9 comimses a ifaroi^ hole obtained through the 
tBst-«MioIder element 7 and presents a bearing portion 9a substantial^ defined by 
a sorfiice inclmed wiifa respect to a horizontal direction, according to vducb 
tube-holder element 7 develops. The bearing portion 9a provides support for a 
bearing head 10a of the test tube itself 

Also wthreference to Figure I. from the lateral wall 5, and more specifically 
from the inner surftce thereof, an annular support portion 1 1 projects towards Ae 
coitre of the hiMising compartment 3. To the annular siqppoit portion II is rigidly 
engaged, by means of tiurd tiireaded dements 12, at least an annular connecting 
element 13 defining a substantially horizontal siq>p(fft plane 14. 

The annular connecting element 13 presents, in its central area, a Ifaroi^ 
opening 15 in c<MTCq>ondence with which a sc?jport 17 is fiistene^ 

threaded donents 16. 

Ilie support 17 is destined to sustain an opeiBtive stnK:tuie 18, comprising in 

its essential parts at least a measuring element 19 provided to measure Hoe 
sedimentation level inside eadi test tube 10 under examination, and drivingmeans 
20 to displace the measuring element 1 9 with respect to tiie housing seats 9 in such 
a way as to align it sdectively with one of the test tubes 10 chosen on each occasion 
from fliose aigaged in the respective seats 9. 
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More specifically, flie driving means 20 comprise at least a motor 21, 
preferably of the stepping type, fastened infenorly by means of fifth threaded 
elements 22 to the support 17, in such airay as to occiqyy the space defined fay the 
thxoui^ hole 15 of the annular connecting element 13. 

From the motor 2 1 , ttiough a passage 23 obtained in Ihe suiq[)OTt 1 7, a drive 
shaft 24 extends verticaUy, in ronrespondence with an extr^ 
24 is fastened, by means of sixth threaded elemetits 25, an aim 26 developing 
substantially peq}eQdicular with respect to the drive shaft itself Consequently, the 
arm 26 presents an axis of rotation "Y^ substantially coinciding widi die axis of 
^rmmetiy of tiie load-bearing structure 2 and widi the centre of the circumferential 
distribution line of the test tubes 10. 

The arm 26 presents a first extremity 26a provided to bear the measuring 
dement 1 9 and a second extiemily 26b i^ch counteibalances the load beariiig down 
on the first extremity 26a. 

In correspondence with the first extremity 26a of the arm 26, a support 27, 
shaped substantially as a is rigidly engaged to die arm itself, by means of 
sevendi threaded etements 28. 

The support 27 presents at least a first lat^ dem^ 27a and at 1^ 
lateral element 27b joined to the first lateral element 27a by means of at least a 
connecting portion 27a 

As shown in Figure 1, the lateral elements 27a, 27b of tiie support 27 are 
directed substantially parallel with respect to die longitudirutl axis of the test tube, 
ie. according to ai direction inclined bylS"" with respect to a vertical direction. 

It is important to note that the measuring element 19 is fastened onto the first 
lateral element 27a in such a way as to fiice the test tube 10 under rammnation, by 
way of indication at a distance ranging between 3 mm and 5 mm fiom the outer 
sur&ce thereof >vfailst on the second lat^ element 27b may be &stened a light 
emitter 29 facing the measuring element 19. The test tube 10 under examination is 
therefore interposed between the li^ emitter 29 and the measuring element 19. 
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The measmii^ element 19 ooraprises at least a linear qjtical sensor 30 of the 
type commonly identified with the aoonym "XX^T {charge-coupled device), 
presenting at least a row of fdiotosensitive elmente set consecutively side fay side 
with respect to one another to define a linear photosen^tive portion 31 which, in 
5 addition to &cing the te^ tube 10, extends along die development thereof This 
linear optical sensor 30 is able to detect di£ferences in luminosity along the 
development of the test tube 10, allowing the execution of a static measurement of 
die sedimentation level i»nesent inside the test tube itself 

The photosensitive portion 31 may comprise two or more rows of 
10 photosensitive elements, set mutually side by side in such a way that the linear 
photosensitive p(»tion 31 develops according to a substantially rectangular plane. 

For further infimnation, 4e reader is referred to US Patent 5,920,346 
vdierefiom the constructive aiKl operating principles of CCD linear optical sensors 
can be obtained 

15 By way of indication, a type of known linear CCD usable in the subject 

apparatus is produced and/or marketed by tfie company Thomson-CSF under the 
designation CCD-BAR 12000 pixels. 

By means of the motor 21, both the linear optical sensor 30 and die li^t 
emitter 29 are movable according to a circumferential trajectory concratric to the 

20 circumferential distribution line of the test tubes 10 to determine the alignment of 
the linear optical sensor 30 with tespoct to the test tube under namination. The 
circumferential tmjeciory described by the li^t emitter 29 is situated internally with 
reqject to the drcumfcrential distribution line, wliilst tiie circumfaeotial trajectory 
described by die linear optical sensor 30 is external to the circtmiferential 

25 distribution line. 

It should in any case be noted that, for the purposes of selectively positioning 
the linear optical sensor 30 with respect to the test tubes 10, it is also possible to 
provide for the test-tube-holder element 7 to be able to rotate about the axis of 
symmetEy of the load-bearing structure 2 by means of appropriate actuatmg means. 
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in such a way as to bring each test tube 10 tD3de^ 
the linear optical s^isor itself . 

An dectronic processus unit (not shown in the drawii^) is further provided 
to legidate and syiiDhnnuse tiie 
5 dectronic processii^ unit is connected with the linear optical sensor 30 to receive 
therefix>ni the data relating to the measurements performed 

Specifically, the electronic processing unit can be located directly on the 
bearingplane 14 oftheanmilar connecting element 13, or it can be provided direcU 
on an sqp:oiHiate board which is mounted on the annular connect^ 13. 

10 For the transmission of the data from the linear opdcal sensor 30 to the 

dectronic jTOcessii^ umt, the s^yparatus 1 providesforthepresenceof atleast an 
optical inter&oe 32. Such optical interface 32 compdses at least an emitting optical 
element 3 3 fastened to the connecting portion 27c of the siqiport 27 and at least a 
receiver 33a situated on the board of the electronic processing unit Preferably, on 

15 the board of the electronic processing unit are positioned tiiree receivers, mutually 
distanced according a 120'' ang3e about the axis of rotation to ensure dam 
communication between the linear opdcal sensor 30 and the electronic {M'ocessing 
unit 

The use of the optical intn&oe 32 advantageously allows to transmit the data 
20 wiAout re^nring the aid <rf' decoical conductors connecting the linear opdcal sensor 
30 and the dectronic processing unit, with die consequent need to adopt complex 
technical solutions to allow the arm 26 to rotate freely. 

For Hic purposes of tl^ electrical power siq^ly to the linear optical sensor 30, 
to tte ligbt emitter 29 and to the optical emission element 33, it is advantageously 
25 possible to pfovide, finr instance on the aim 26, at least an electrical accumulator 35 
whereto are operatively combined a movable dectrical contact 36 and a fixed 
dectrical contact 37 respectivdy associated to the arm 26 and te the support 17 or 
other fixed part of the apparatus 1 . The movable contact 36 and the fixed contact 3 7 
are able to come respectively m contact to allow the sq^ of el ectrical power to the 
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accumulator 35, with its coDsequeot diargs, eveiy time the arm 26 is located in a 
predetermined rest position iqpon command fiom die aforemendoned electronic 
processing unit 

The apparatus further conqpdses a programming inter&ce 34 to allow a user 
5 to select, for each test tube 10 present in the test-tiibe-hokler element 7, the type of 
exam to be p cr fo imed To the programming inter&ce 34 can further be associated 
a printing unit (not shown) whereby the results of the exams perforaied can be 
printed onhardcopy su|^)orts. 

The operation of the a{^)aratus for the measurement of the 
1 0 eryduosedimentation rate in blood samples, described above in a mainly structural 
sense, is as follows. 

One or more test tubes 10 containing the blood samples to be examined are 
positioned each in one of die housing seats 9 of the te5t-tiibe4iolder element 7. 
By means of known signalling systems^ the electronic processing unit receives 
15 a signal pertaining to the occupation of the housing seats 9 whereinto the test tubes 
1 0 have been inserted 

Simultaneously with the insertion of the test tubes 10, die activation of die 
optical sensor 30 and of the motor 21 is commanded to perform an initial scan on 
each test tube 10, aimed at measurmg die cohmmofblood introduced in the test tiibe 
20 itself 

Through the programming inter&ce 34, tte user can select the type of exam 
to be conducted for each of the blood samples contained in the test tubes 10, and 
command the start of die process for measuring the sedimmtation levd in each 
blood sample. 

25 Once the measuring process has been started, the apparatus 1 proceeds to 

measure the sedimentation level after the pre-set waiting time selected according to 
the type of exam to be perfoimed. Upon expiration of die waiting period, the 
electronic |»x)ces$ing imit activates the motor 2L The shaft 24, die arm 26 and 
consequendy also the linear optical sensor 30 together with the light emitter 29, 
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rotate about Ibc axis of rotation "Y", dockwise or coimter-clockwisc depending on 
tte lesser angle ^ch the linear optical sensor 30 has to travel to al^ 
tube 10 to be measured 

Once the linear optical sensor 30 and the Ug|it emitter 29 are aligned with 
respect to the test tube 10, the light emitt^ 29 illuminates tiie test tube 10 on die 
opposite side widi respect to the linear optical sensor 30. Consequendy, the 
I^sotosensitivepoition 31 detects a shadow area projected by the column of red cells 
i;^ch prevent lig^ fixmi passing throu^ dffi test tube 1^^ 
to the plasma column which allows hg^t to pass throu^ 

To assure an optimal reading definition, to the linear optical sensor 30 can 
advantag^oudy be associated an cp&cei system widi one or more lenses to focus the 
image of die blood sanqple on the idiotosensitive portion 31. 

Throqgh die optical interface 32, the optical sensor 30 sads to the electronic 
unit the (bta pertaining to die dimensiotts of the shadow aifea and of the limited area 
on the linear photosensitive portion 31, dir^:tly correlated to the sedimentation level 
reached in die test tube. The electronic processing imit, suitably programmed, is 
therefore able to provide the erythrosedimentation i^ues resulting from the exam 
performed, after processing the data received from die sensor 30. 

The ]Hesent invention attains important advantages. 

First of all, die subject qiparatus allo^ to perform conect and reliable blood 
tests evCT in the presence of structural imperfections of the test tutes employed, 
since the constructive and functional ccmception of the linear optical sensor allows 
simultaneously to detect the lig^t the passes through along the entire developmem 
of the test tube under examinatioa 

It should fiirdier be noted diat such linear optical sensor allows precisely to 
n^asuTB the level of sedimmtation in the test tube under examination in conditions 
of misalignment between die longitudinal axis of die test tube and tte photosensitive 
porthmofthehnear optical senscn*. This situation has allowed the development and 
reahsation of an ai^ianitus that is fiister and nK3re veisatfl 
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thanks to ^ use of a single sensor able to move amot^ the wious test tubes to 
measure directly in each of them the respective eiytiirosedimenlation level. 

It idioiald also be conactered that the constmctive and functional principles of 
the CCD optical sensors aie such that the latter need not be moved along the 

5 (kvelopmerit of the test tube duringdiemea^ 

performs this measurement instantly along the entire development of the test tube 
under examinatioa Consequently, the subject aj^aratus does not n^ complex 
mechanical driving means^ employed in known apparatuses to make the emitter 
diodes slide in a precise manner along the loi^tudinal axes of the respective test 

10 tubes. 

Moreoviar, also with leforaice to tfke install 
with the linear optical sensor, it is possible to take a reading from each test tube 
under cxaminarion even with ti» sensor in motion, i.e. without necessarily arresting 
the rotaticm of the arm 26 when the linear optical sensor is al i gned witii the test tube 

1 5 itself The electronic processing unit, tfnoug^ the stef^nng motor and/ or encoders or 
equivalent means known in diemselves, i s able to know at each instant the angular 
posttionassamedby the arm and, therefore, conectty to attribute to each test tube tiie 
data measured by tibe sensor after the reading. 

It should further be noted tbatthe reading speed of the CCD optical sensor, 

20 i^arly instantaneous, allows to conduct on each test tube, between the initial and the 
fiuial reading, a series of inteiniediate readily sqxffated by very intervals, 
even in tiie order of a few tenths of a second. Consequently it is possible to define, 
fw each blood santple unto examination, a gr^h which shows in <tetail the profile 
of the sedimoitation over time instead of limitii^ itself as is the case in the state of 

2S the art, to nieasuxe a single value corresponding to the final readi^ 
apre-settime. 

Tte ^qiaratus acconhng to the invention is als^ 
tibe examination of several blood samples, handling them independently finom each 
other. Mwe in particular^ while reading a test tube, it is possible to insert one or 
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more test tubes destined to be examiiKd This con^ 

to the {fficMT ait vAsen the reading is tal^ simultaneously on all loaded samples 
fianangthe userto waitfor tte oidof the examination before ixiseiting ^ new 
samples to be examined. 

It durakl also be considered that, tiianks to tiie properties of Ifae CCD linear 
optical sensor Jt is possibte to use test tubes with nnitually different dimensicns and 
shapes, vnthout bdng limited to the use of test tubes with rigoioiisly pre-set 
and dimensions, as is the case in the prior art 
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1. Apparatus fot measuring the oytiiiosedimenlation rate in Uood samples 
comprismg! 

- at least a housing seat (9) in correspondence with ^chat least a testtidie (10) 
containing a blood sample can be positioned; 

5 - at least a measuring element (19) provided to measure tiie sedimentation level 
inside said test tube (10) after a predetermined waiting interval; 
• at least an electronic processing unit connected to the measuring element (19) to 
lecdve data potaining to the sedimentation level measured in said test tute 
diaiaclerisedintfiat said measuring element (19) comprises at least a linear optical 

10 sensor (30) presenting at least a row of photosensitive elements set consecutively 
side fay side with reflect to one another to define a photosensitive portion (31), said 
photosensitive portion (31) facing the test tube (10) and developing along Ae 
extension of the test tiibe itself 

15 2. Apparatus according to claim 1, comprising: 

- a pihnaliiy of housing seats (9) each destined to receive a test tube (10) containing 
a blood sample; 

- driving means (20) to move the measuring etenmt (19) with respea to tiie bousing 
seats (9) and align said measuring elemoit (19) selectively to one of the seats 

20 themselves. 

3. Apparatus accordii^to claim 2, wherein said housing seats (9) are 
according to a circumferential distribution line and said measuring element (19) is 
movable according to a circumferential tnyectory concentric to the drcumfereutial 

25 distribution line. 

4. Apparatus according to claim 3, wherein said driving means (20) are 
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medianicaUy cosic^cted to s eIemeQt(19)to move tiie latter aloc^ said 

circumferential tnyectoiy. 

5. Apparatus acoordii^ to claim 2, vdierda said diivii^ means (20) compose: 
-at least a motor (21); 

- at least a drive shaft (24) opecatively associated to said motor (2 1 X 

- an arm (26) extrading transveisely from the motor shaft (24) and beaiii^ said 
measuring element (19). 

6. Apparatus aocordti^ to daim S , ^vheiein said motor (2 1 ) is a stepping motor. 

7. Apparatus according to claim S, wherein said arm (26) presents an axis of 
rotation i^Y^ coinciding the centre of said circumferential distribution line. 

8. Aiqiarams according to claim U further comfHising a lig^ emitter (29) fiudng 
said idwtosensitive portion (31) of said linear optical sensor (30), said light emitter 
(29) illuminating at least partially the photosensitive portion (31). 

9. Apparatus according to claim 8, wherein said tight emitt^ (29) is rigidly 
engaged wi& reqiect to said linear optical sensor (30), said test tube (10) under 
examination bcmg interposed between said Unear optical srasor (30) and said li^t 
emitter (29), 

10. Apparatus according to claim 5, furdier comfmii^ at least a sun;x>rt (27) 
shaped substantially as a 'XT borne by the aim (26), said support (27) comprising: 

- fit igftj^ 4 first lflt?3Bftl ftl ement (27a) in <»m¥q prwrrimo e wiA ^di said linear optical 
senscK^ (30) is &st»ed; 

- at least a second lal^ element (27b) positioned parallel widi req)ect to the first 
lateral element (27a). 
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11. Apparatus accordmg to claim 1, wherein each housii« 

the test tube (10) according to an inclined orientation with respect to a vertical 

direction. 

12 ArrHTW*'*' »i«wHmg In claim 1, figtber comprising an optical interface (32) 
set to transmit the data measured by &e linear optical sensor (30) lo sd^ 

jxocessingunit 

13. Ai^nratus according to claim I, farAer comprising: 

- at least an electrical accumulator (35) borne by said arm (26) to supply power to 
said lioear optical seasOT (30); 

- at least a movable contact (36) connected to said arm (26X 

- at least a fixed contact (37) connected to a fixed part of said iqjparatus; 

said movable contact (36) and fixed contact (37) being set to engage mutually to 
recharge said electrical accumulator (35) when the arm (26) is placed in a rest 
positi<m on conunand from said electronic {Hocessing umt. 
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